Homer postsynaptic scaffolding proteins regulate forebrain glutamate transmission and thus, are likely molecular candidates mediating hypofrontality in addiction. Protracted withdrawal from cocaine experience increases the relative expression of Homer2 versus Homer1 isoforms within medial prefrontal cortex (mPFC). Thus, this study used virus-mediated gene transfer strategies to investigate the functional relevance of an imbalance in mPFC Homer1/2 expression as it relates to various measures of sensorimotor, cognitive, emotional and motivational processing, as well as accompanying alterations in extracellular glutamate in C57BL/6J mice. mPFC Homer2b overexpression elevated basal glutamate content and blunted cocaine-induced glutamate release within the mPFC, whereas Homer2b knockdown produced the opposite effects. Despite altering mPFC glutamate, Homer2b knockdown failed to influence cocaine-elicited conditioned place preferences, nor did it produce consistent effects on any other behavioral measures. In contrast, elevating the relative expression of Homer2b versus Homer1 within mPFC, by overexpressing Homer2b or knocking down Homer1c, shifted the dose-response function for cocaine-conditioned reward to the left, without affecting cocaine locomotion or sensitization. Intriguingly, both these transgenic manipulations produced glutamate anomalies within the nucleus accumbens (NAC) of cocaine-naive animals that are reminiscent of those observed in cocaine experienced animals, including reduced basal extracellular glutamate content, reduced Homer1/2 and glutamate receptor expression, and augmented cocaine-elicited glutamate release. Together, these data provide novel evidence in support of opposing roles for constitutively expressed Homer1 and Homer2 isoforms in regulating mPFC glutamate transmission in vivo and support the hypothesis that cocaine-elicited increases in the relative amount of mPFC Homer2 versus Homer1 signaling produces abnormalities in NAC glutamate transmission that enhance vulnerability to cocaine reward.
Introduction
A significant amount of data supports dysregulated corticoaccumbens glutamate as underpinning various addiction-related behaviors (Gass and Olive, 2008; Knackstedt and Kalivas, 2009; Schmidt and Pierce, 2010; Wolf and Ferrario, 2010; Kalivas and Volkow, 2011) . Efforts to understand the molecular mechanisms of cocaine-induced glutamate plasticity revealed critical roles for the Homer1b/c and Homer2a/b members of the Homer family of postsynaptic scaffolding proteins for basal, as well as cocaine-induced changes in, extracellular glutamate within both the nucleus accumbens (NAC) and prefrontal cortex (PFC) (Szumlinski et al., 2008a) . Homer proteins contain an N-terminal Ena/VASP1 homology domain that interacts with a PPXXFR motif located on various postsynaptic density (PSD) proteins, including Group 1 metabotropic glutamate receptors (mGluRs) and certain downstream effectors. Constitutively expressed Homers also contain a carboxyl-terminal coiled-coil (CC) structure, allowing for self-assembly (Hayashi et al., 2006) and the aggregation of PSD proteins (Shiraishi-Yamaguchi and Furuichi, 2007; Szumlinski et al., 2008a) . Withdrawal from a history of cocaine exposure, lowers both CC-Homer1 and CC-Homer2 isoforms within NAC (Swanson et al., 2001; Ary and Szumlinski, 2007; Ben-Shahar et al., 2009; Ghasemzadeh et al., 2009b ; but see Knackstedt et al., 2010a ) and this adaptation is critical for cocaine-induced anomalies in NAC extracellular glutamate and the manifestation of drug-taking and drug-seeking, as well as psychomotor hyperactivity (Ghasemzadeh et al., 2003; Szumlinski et al., 2004 Szumlinski et al., , 2005b Szumlinski et al., , 2006 Knackstedt et al., 2010) .
In contrast to the NAC, repeated noncontingent cocaine experience elevates medial (mPFC) Homer2 levels during protracted withdrawal . Although an earlier report indicated only a modest effect of cocaine self-administration on mPFC Homer2 expression (Ben-Shahar et al., 2009) , more recent studies revealed a subregion-selective effect of self-administered cocaine upon PFC Homer2 expression, with increases in protein expression only in the more ventral aspects of this structure (i.e., in tissue homogenate from infralimbic and ventral prelimbic cortices) (A. T. Gould, unpublished observations). Thus, although there still exists a considerable knowledge gap vis-a-vis the pharmacological parameters required to elicit cocaine-induced changes in PFC Homer2 expression, it would appear that the imbalance in mPFC Homer1/2 expression observed in cocaine-experienced animals during protracted withdrawal reflects a pharmacodynamic response to cocaine. This raises questions as to the functional relevance of this Homer1/2 imbalance for corticoaccumbens glutamate and behavior, particularly when one considers that Homer1, but not Homer2, knockout (KO) mice exhibit anomalies in PFC extracellular glutamate and in emotional, motivational, and sensorimotor processing (Szumlinski et al., 2004 (Szumlinski et al., , 2005a Lominac et al., 2005) , but both KO strains exhibit changes in NAC glutamate and cocaineelicited changes in behavior that are akin to those observed in cocaine-experienced rodents (Szumlinski et al., 2004) .
Thus, we sought to determine how producing an imbalance in Homer1/2 expression might impact indices of forebrain extracellular glutamate and influence behavioral measures of emotionality, cognitive function, sensorimotor processing, and the motivational valence of both cocaine and nondrug reinforcers. It was hypothesized that an increase in the relative expression of mPFC Homer2 versus CC-Homer1 isoforms dysregulates corticoaccumbens glutamate transmission to promote cocaine preference. This study provides the first indication of opposing roles for CCHomer isoforms in regulating mPFC glutamate in vivo and provides novel evidence that imbalances in mPFC Homer1/2 expression is indeed sufficient to elicit glutamate dysfunction within the NAC and heighten the drive for cocaine-relevant environmental stimuli.
Materials and Methods

Subjects
Subjects were adult C57BL/6J male mice (8 weeks of age; 25-30 g) bred at the University of California, Santa Barbara. With the exception of the sucrose drinking experiment, in which mice were singled-housed, for all other studies, animals were group-housed in polyethylene cages in a temperature (25°) and humidity (71%) controlled vivarium under a 12 h dark/light cycle (lights off: 7:00 A.M.) with food and water available ad libitum. Experimental protocols, as well as housing and animal care, were consistent the guidelines provided by the National Institute of Health (NIH) Guide for Care and Use of Laboratory Animals. All experiments were approved by the Institutional Animal Care and Use Committee of University of California, Santa Barbara.
Surgical procedures
Bilateral guide cannulae were surgically implanted above the PFC or the NAC of mice, using procedures identical to those previously used by our group (Lominac et al., 2005; Cozzoli et al., 2009 ). All surgeries were conducted under isoflourane anesthesia, with oxygen as the carrier gas. A Kopf stereotaxic device held the animal's head level and holes were drilled based on coordinates from bregma. For PFC experiments, 20 gauge stainless steel guide cannulae (7 mm long; Small Parts) were implanted above the mPFC (AP: ϩ2.0 mm; ML: Ϯ 0.5 mm; DV: Ϫ1.0 mm) (Paxinos and Franklin, 2007) . For NAC experiments, guide cannulae (10 mm long; Small Parts) were implanted above the NAC shell (AP: ϩ1.3 mm; ML: Ϯ 1.0 mm; DV: Ϫ2.3 mm) (Franklin and Paxinos, 2007) . Guide cannulae were fixed to the skull with dental resin, surgical incisions were closed with a tissue adhesive, and dummy cannulae (24 gauge; length equivalent to guide cannulae) were placed inside guide cannulae to prevent contamination or blockade. Animals were allowed a minimum of 5 d recovery before the start of experimental procedures.
AAV vectors and microinjection
The generation of adeno-associated viruses AAVs carrying Homer2b cDNA and AAVs carrying small hairpin RNAs (shRNAs) against Homer2b or Homer1c were previously described in detail (Szumlinski et al., 2004; Lominac et al., 2005; Cozzoli et al., 2009) . In brief, for the cDNA-Homer2b AAV, the PCR product for Homer2b was expressed as an N-terminal fusion protein with a hemagglutinin (HA)-tag in a rAAV backbone containing the 1.1 kb CMV enhancer/chicken-actin (CBA) promoter, 800 bp human interferon scaffold attachment region inserted 5Ј of the promoter, the woodchuck posttranscriptional regulatory element (WPRE), and the bovine growth hormone polyA flanked by inverted terminal repeats (cDNA-Homer2b). AAV pseudotyped vectors (virions containing a 1:1 ratio of AAV1 and AAV2 capsid proteins with AAV2 intertrigeminal regions) were generated. For shRNA-Homer2b and shRNA-Homer1c, the reporter gene encoding green fluorescent protein (GFP), and the mouse U6 RNA polymerase III (U6) promoter upstream of the CBA promoter was added to our standard expression cassette, allowing for insertion or the simple replacement of short hairpin RNA (shRNA) cassettes, respectively , their schematics of these cassettes). Depending upon the study, control vectors carried GFP, an empty cassette (Empty) or a scrambled vector against eGFP (Scrambled) to ensure that AAV infusion alone did not alter any behavioral or neurochemical measures examined. For these control AAVs, the same AAV-CBA-WPRE-bGH backbone was used. All of these different control AAVs have been used in previous studies by our laboratory and none of them significantly influenced any behavioral or neurochemical measure studied to date (Szumlinski et al., 2004 (Szumlinski et al., , 2005b (Szumlinski et al., , 2008b Lominac et al., 2005; Cozzoli et al., 2009 Cozzoli et al., , 2012 Goulding et al., 2011) .
Stereotaxic procedures for AAV delivery in vivo were similar to those previously described by our group (Szumlinski et al., 2004; Cozzoli et al., 2009 Cozzoli et al., , 2012 Goulding et al., 2011) . For mPFC microdialysis and behavioral experiments, 1 week after surgery, 33 gauge injector cannulae (9 mm long) were inserted bilaterally into the mPFC and AAVs were infused at a rate of 0.1 l/min for 5 min (total vol ϭ 0.50 l/side). Depending upon the experiment, mice received infusions of titer-matched AAV vectors (1 ϫ 10 12 vector genomes/ml) carrying Homer2b-cDNA, two different Homer2b-shRNAs, Homer1c-shRNA or a control vector (GFP, Empty or Scrambled). To assess for virus dose-dependent effects of altering Homer2 expression within the mPFC, another group of animals received infusions at a rate of 0.02 l/min for 5 min (total vol ϭ 0.10 l/side). To assay for intra-mPFC Homer manipulations upon NAC neurochemistry, mice slated for the NAC microdialysis experiment received intra-PFC AAV infusions during surgery for implantation of bilateral intra-NAC microdialysis guide cannulae. In this case, holes were drilled in the skull at the mPFC coordinates indicated above (see Surgical Procedures), injector cannulae were inserted bilaterally into the mPFC (i.e., DV: Ϫ2.0 mm) and mice received an AAV infusion at a rate of 0.1 l/min for 5 min (total vol ϭ 0.50 l/side). Three weeks after AAV delivery, behavioral testing and microdialysis experiments were conducted. Assessment of transduction efficiency and viral spread was conducted as previously described (Szumlinski et al., 2004 (Szumlinski et al., , 2005b (Szumlinski et al., , 2008b Lominac et al., 2005; Cozzoli et al., 2009 Cozzoli et al., , 2012 Goulding et al., 2011) . Transgene expression of Homer 1c and Homer 2b within the mPFC was verified using standard immunohistochemical detection the HA tag N-terminally fused to the Homer coding regions and examination of tissue under a light microscope. Transduction by AAV-GFP and AAV-shRNAs (expressing humanized renilla GFP) was verified by examining tissue for epifluorescence using a fluorescent microscope (Fig. 1) .
Drug-naive behavioral testing
To assay for effects of our AAV treatments upon indices of emotional, motivational, sensorimotor, and cognitive processing in drug-naive mice, we tested our subjects in a behavioral test battery that included Porsolt swim test, Morris water maze, reactivity to novelty test, and pre-pulse inhibition (PPI) of acoustic startle. The order of behavioral testing was varied across replicates of animals.
Porsolt swim test. The impact of altering mPFC Homer2b expression upon "behavioral despair" was assessed via a Porsolt swim test, where floating serves as a measure of learned helplessness (Porsolt et al., 1977) . As previously described by our group (Szumlinski et al., 2004) , mice were placed into a pool (30 cm in diameter; 45 cm high) filled with roomtemperature water up to 35 cm and allowed to swim for a total of 15 min. In 20 s intervals, behavior was scored by an experimenter as either swimming (front and/or back paws mobile), floating (both front and back paws immobile), or climbing (swimming with forepaws making contact with the walls of the pool). Latency to first float was also determined using a stopwatch. The following day, mice were reintroduced to the pool for 5 min and their behavior and latency to float were again recorded. Data are expressed as percentage total of each incidence recorded. Each session's data were analyzed independently using a univariate ANOVA across the AAV infusion factor.
Morris water maze. Spatial reference learning and memory were examined using the Morris water maze paradigm. Procedures used were identical to those previously described (Bimonte et al., 2003; Szumlinski et al., 2004) . A stainless steel circular tank (200 cm in diameter, 60 cm in height) served as the maze, with salient extra maze cues located on all four walls of the room in which the maze was located. The inside of the tank was painted white, filled with room-temperature water to a depth of 50 cm, and a clear platform was placed in the tank, with its location remaining fixed throughout the course of the experiment. For 14 d, mice trained twice per day to locate the hidden platform. During each trial, mice were randomly placed in the pool at one of the four compass points and swimming was recorded digitally by a video camera mounted on the ceiling directly above the pool (ANY-Maze, Stoelting). Training sessions were 30 s in duration; if the mice were unable to locate the platform during the allotted time, they were guided to the platform where they remained for 30 s. At 24 h and 1 week after the last training trial, memory probe tests were performed, where the platform was removed and the amount of time taken by the mouse to swim toward the platform location (Ͼ120 s) was recorded. Additionally, the total amount of time the mice spent swimming in the vicinity of the platform location was recorded. The data during training were analyzed using an AAV ϫ Training Day ϫ Trial ANOVA, with repeated measures on the Day and Trial factors. The data during each probe test were analyzed using a univariate ANOVA with AAV as the between-subjects factor.
Reactivity to novel objects. To assess for effects of our manipulations on anxiety, a novel object test was conducted, similar to that previously described in Szumlinski et al. (2005a) . Mice were placed into a cylindrical tub (200 cm in diameter, 60 cm in height) containing 1 small, inedible object for 2 min. Animals were allowed to explore the object in the tub and both the number of contacts the mice made with the object and the amount of time the mice spent investigating the object (as defined by forepaw or snout contact with an object) were recorded by an experimenter. Data were analyzed using a univariate ANOVA across the AAV factor.
Prepulse inhibition of acoustic startle. The impact of PFC Homer2 expression upon sensorimotor gating was assessed via prepulse inhibition of acoustic startle. The apparatus and procedures used were identical to those previously described at length in Szumlinski et al. (2005a) . Six trial types were offered: startle pulse (st110, 110 dB/40 ms), low prepulse stimulus given alone (st74, 74 dB/20 ms), high prepulse stimulus given alone (st90, 90 dB/20 ms), low or high prepulse stimulus given 100 milliseconds before the onset of the startle pulse (pp74 and pp90, respectively) and no acoustic stimulus (st0; only background noise). All trials were presented randomly; st0, st110, pp74, and pp90 trials were given 10 times, whereas st74 and st90 were presented five times. Background noise in each chamber was 70 dB and the average intertrial interval lasted 15 s. Data for startle amplitude were averaged across stimulus trials and then analyzed by an AAV infusion ϫ stimulus ANOVA with repeated measures on the stimulus factor (st0, st74, st90, pp74, and pp90). Each animal's percentage inhibition for the 110 dB startle by the 74 and 90 dB prepulse intensities were calculated and data were analyzed by an AAV X Intensity ANOVA with repeated measures on the intensity factor (74 vs 90 dB).
Cocaine-conditioned place preference
To determine the relevance of our reported cocaine-induced increase in mPFC Homer2 versus Homer1 expression for cocaine-induced changes in behavior, the effects of manipulating mPFC Homer2b levels upon cocaine reward and locomotor sensitization were assessed using a unbiased conditioned place preference (CPP) procedure Penzner et al., 2008) . The CPP paradigm was selected for the study of AAV interactions with cocaine for its procedural simplicity, the ability to index both the positive and negative motivational valence of cocaine-associated cues and the ability to index both cocaine reward and locomotor activity. To elicit a cocaine CPP, mice were conditioned in a two-compartment apparatus where the compartments were tactilely (floor texture) and visually (wall pattern) distinct. Behavior was recorded throughout the experiment using a digital video-tracking system. Conditioning commenced with a 15 min habituation session to familiarize the animals to the entire apparatus. Animals received intraperitoneal (i.p.) cocaine injections (3, 15, or 30 mg/kg; a generous gift from National Institute on Drug Abuse, Bethesda, MD) and were then confined to one compartment for 15 min. On alternating days, the mice were injected with an equivalent volume of saline (vol ϭ 0.01 ml/g body weight) and confined for 15 min to the other compartment. Following the fourth and final cocaine pairing, animals had free-access to the entire apparatus in a drug-free state during a 15 min postconditioning test. Amount of time spent on the cocaine-paired versus saline-paired compartment during the post-conditioning test served to index cocaine reward. The CPP data were analyzed using an AAV X Dose X Side ( paired vs unpaired) ANOVA, with repeated measures on the Side factor. To determine the presence or absence of a CPP, significant interactions were deconstructed along the AAV and Dose factors and paired t tests were conducted within each AAV group. For clarity, the CPP data are represented graphically as "Occupancy Difference"; that is, the difference in time spent on the cocaine-paired versus cocaine-unpaired compartment on the post-conditioning test.
Sucrose preference testing
We also assayed for the influence of our AAVs upon indices of natural reward by testing for sucrose drinking under free-access, two-bottle choice conditions in the home cage and a sucrose CPP. The procedures for the two-bottle choice sucrose drinking experiment were similar to those used in previous alcohol studies conducted in our laboratory (Szumlinski et al., 2005b (Szumlinski et al., , 2008b . For this, single-housed mice had 24 h access to two identical 50 ml sipper tubes containing either water or a 5% sucrose solution. The total amount of water and sucrose solution consumed was determined by bottle weight before and after the 24 h consumption period over 4 d, the average intake was calculated respectively on a milliliter per kilogram and a gram per kilogram body weight basis, and the data were analyzed by a univariate ANOVA across the AAV factor.
We used the same CPP apparatus for the sucrose CPP study as described (see above, Cocaine-conditioned place preference). On the first day of the experiment, animals were allowed 30 min free-access to both compartments to habituate them to the apparatus. Sucrose CPP was induced via 8 pairings of 5% sucrose solution in a drinking cup in one compartment, and on alternating days, 8 pairings of water in a drinking cup in the other compartment based on procedures used by other groups in rats (McAlonan et al., 1993) . On the day after final pairing, animals were given free-access to the apparatus with no sucrose or water present for 30 min in a post-conditioning test. The data for the postconditioning test were analyzed using an AAV X Side (paired vs unpaired) ANOVA, with repeated measures on the Side factor.
In vivo microdialysis
Cocaine studies. In vivo microdialysis was conducted to assess the impact of altering the relative expression of Homer1c and Homer2b within the mPFC on cocaine-induced glutamate release in the mPFC and its major glutamatergic afferent, the NAC. Conventional microdialysis was conducted for 1 h before, and 3 h immediately after, an intraperitoneal cocaine injection (15 mg/kg), as conducted previously by our group (Szumlinski et al., 2004 (Szumlinski et al., , 2005b Penzner et al., 2008) . For all experiments, microdialysis probes (24 gauge; for mPFC: 10 mm in length with ϳ 1.0 mm active membrane; for NAC: 12 mm in length with ϳ 1.0 mm active membrane) were lowered into the guide cannulae implanted above the intended region and perfused with artificial CSF (146 nM NaCl, 1.2 mM CaCl2, 2.7 mM KCl, 1.0 mM MgCl2, pH ϭ 7.4) at a rate of 2 l/min. Dialysate collection began after 3 h of probe equilibration and occurred in 20 min intervals. Dialysate was stored at Ϫ80°C until analysis by HPLC (see below, HPLC). For the mPFC studies, microdialysis probe localization was determined during histological examination for AAV transduction (see above) and revealed probe localization primarily within the more ventromedial aspect of the PFC (infralimbic and ventral prelimbic cortex), with a few probes placed within the more dorsal prelimbic cortex (see Fig. 3E ). For the NAC studies, microdialysis probe localization within the NAC was verified using standard cresyl violet staining procedures, followed by examination of tissue under light microscope and revealed probe localization primarily to the shell subregion or to the interface between the shell and core subregions (see Figs. 5D , 6E). The average baseline neurotransmitter levels during the hour before cocaine injection were calculated and analyzed using a univariate ANOVA, followed by LSD post hoc tests when appropriate. The data for the cocaine-induced change in extracellular glutamate were analyzed using an AAV X Time ANOVA, with repeated measures across the Time factor (20 min intervals; 3 baseline and 9 post-cocaine). Significant interactions were deconstructed along the AAV factor to determine the presence or absence of a cocaine effect, followed by t tests with corrections for multiple-comparisons.
No net flux for basal glutamate. To assess whether altering PFC Homer levels affected basal extracellular glutamate in the mPFC or NAC, no net-flux microdialysis procedures were conducted in drug-naive animals using procedures similar to those previously described (Szumlinski et al., 2004 (Szumlinski et al., , 2005a (Szumlinski et al., , 2008b Lominac et al., 2005 Lominac et al., , 2012 Kapasova and Szumlinski, 2008; Ben-Shahar et al., 2012) . Probe implantation and equilibration procedures were identical to those described for conventional microdialysis above. After 1 h of baseline sample collection, increasing concentrations of glutamate (2.5, 5, and 10 M) were infused through the probe in ascending order for 1 h each. Dialysate was collected every 20 min and samples were stored at Ϫ80°C before HPLC analysis (see below, HPLC). Linear regression analyses were conducted on the plot of the average net flux of glutamate at each glutamate concentration versus the concentration of glutamate infused through the probe and the point of no net flux ( y ϭ 0; estimate of basal extracellular levels of glutamate), as well as the slope of regression lines (estimate of glutamate clearance), were determined and analyzed using an univariate ANOVA across the AAV factor, followed by LSD post hoc tests when appropriate (for Homer2b) or Student's t tests (for Homer1c).
HPLC. The HPLC system and procedures for the electrochemical detection of glutamate in the dialysate of mice, as well as the chromatographic analysis of the data, were identical to those previously recently by our group Goulding et al., 2011; Ben-Shahar et al., 2012; Lominac et al., 2012) . The HPLC systems consisted of a Coularray detector, a Model 542 autosampler and a Model 582 solvent delivery systems (ESA), with a detection limit of 0.01 fg/sample (20 l/sample onto column). The mobile phase consisted of 100 mM NaH 2 PO 4 , 22% methanol (v/v), 3.5% acetonitrile (v/v) pH ϭ 6.75 and glutamate was separated using a CAP-CELL PAK C18 MG column (5 cm; Shiseido), eluting at 1.8 min. An ESA 5011A analytical cell with two electrodes (E1, ϩ150 mV; E2, ϩ550 mV) detected glutamate, after precolumn derivatization with o-phthalaldehyde (2.7 mg/ml) using the autosampler. The glutamate content in each sample was analyzed by peak height and was compared with an external standard curve for quantification using ESA Coularray for Windows software.
Immunoblotting
Immunoblotting studies were conducted to (1) quantify AAV-induced changes in PFC Homer2 expression and (2) examine for AAV-induced alterations in Homer-associated glutamate receptors within both the mPFC (site of AAV infusion) and in the NAC. Homer proteins scaffold Group1 mGluRs and NMDA receptors within the postsynaptic density, but also regulate their trafficking from the endoplasmic reticulum (Shiraishi-Yamaguchi and Furuichi, 2007) . Thus, conventional immunoblotting procedures were conducted on whole tissue homogenate to index simultaneously AAV-induced changes in both glutamate receptor and Homer expression. The tissue homogenization and immunoblotting procedures used were identical to those previously described by our group ( aimed 2 mm above the mPFC (see above) before AAV infusion, as in previous studies (Szumlinski et al., 2004 (Szumlinski et al., , 2008b . After at least 3 weeks post-AAV infusion, 0.5 l/side of dye was microinjected into the PFC to more accurately determine the site of AAV infusion just before tissue collection using an 18 gauge micropunch (Fig. 2A) . The NAC was also dissected out using forceps (see Fig. 5F ). The samples were homogenized in a medium consisting of 0.32 M sucrose, 2 mM EDTA, 1% w/v SDS, 50 M phenyl methyl sulfonyl fluoride and 1 g/ml leupeptin ( pH ϭ 7.2) and 50 mM sodium fluoride, 50 mM sodium pyrophosphate, 20 mM 2-glycerol phosphate, 1 mM p-nitrophenyl phosphate, and 2 M microcystin LR were included to inhibit phosphatases. All samples were stored at Ϫ80°C until immunoblotting analysis ensued.
Samples were subjected to a SDS-PAGE using 3-8% Tris-acetate gels (Invitrogen). Proteins were transferred to PVDF membranes and preblocked with PBS containing 0.1% (v/v) Tween 20 and 5% (w/v) nonfat dried milk powder for a minimum of 1 h before overnight incubation with a primary antibody. Anti-Homer2a/b (Cosmo Bio; 1:1000 dilution), anti-Homer1b/c (GeneTex; 1:1000 dilution), anti-mGluR5 (Millipore; 1:1000 dilution), anti-NR2a and anti-NR2b (Calbiochem; 1:1000 dilution) rabbit polyclonal antibodies were used. A mouse polyclonal antimGluR1a antibody (BD Transduction Laboratories; 1:1000 dilution) was also used. After primary antibody incubation, membranes were washed and incubated with a horseradish peroxidase-conjugated goat anti-rabbit secondary antibody (Millipore; 1:40,000 -1:80,000 dilution) or antimouse secondary antibody (Millipore; 1:40,000 -1:80,000) for 90 min. Membranes were then washed again and immunoreactive bands were detected by enhanced chemiluminescence using either ECL Plus (GE Healthcare) or Pierce SuperSignal West Femto (Fisher Scientific). To assess for protein loading and membrane transfer, a rabbit anti-calnexin polyclonal primary antibody (Stressgen) was used. Immunoreactivity of each protein was quantified using ImageJ (NIH). Protein/Calnexin ratios were used to normalize immunoreactivity of each protein with its respective calnexin value and for group comparisons; these data for experimental animals were expressed as a percentage of the GFP controls on each gel. All immunoblotting data were analyzed using univariate ANOVAs across the AAV factor and significant AAV effects were followed by LSD post hoc tests.
Results
Histological verification of neuronal transduction by AAVs in mPFC and effects on mPFC protein expression
Consistent with our earlier reports (Szumlinski et al., 2004 (Szumlinski et al., , 2005b (Szumlinski et al., , 2008b Lominac et al., 2005; Cozzoli et al., 2009; Goulding et al., 2011) , immunohistochemical examination of the microinjection sites revealed neuronal transduction by our different AAV constructs that was restricted to within 1-1.5 mm the microinjection tip within the mPFC. Patterns of transduction were observed within the more ventral aspect of the mPFC, primarily within the ventral prelimbic cortex or at the interface between the prelimbic and infralimbic cortices (Fig. 1 A, D) . It should be noted that, within each study, some animals (n ϭ 1-2) exhibited transduction that was restricted to the infralimbic cortex, whereas no animals exhibited transduction within dorsal prelimbic or anterior cingulate cortex. As reported previously for the NAC (Cozzoli et al., 2009; Goulding et al., 2011) , the pattern of transduction within the mPFC did not differ in any obvious manner across the different constructs, with staining of both cell bodies and processes apparent whether transduction was detected using an antibody against the hemagglutinin (HA) tag (Fig. 1 B, C; for Empty-Control, Homer2b-cDNA, respectively) or using fluorescent microscopy to visualize the GFP reporter ( Fig. 1 E, F , for Homer2b-shRNA, Homer1c-shRNA, respectively).
We also used immunoblotting to quantify the extent to which AAVs carrying GFP, Homer2b-cDNA or Homer2b-shRNA, infused 3 weeks prior, influenced Homer2a/b protein expression by dissecting out the area surrounding microinjector tip placement ( Fig. 2A) and examined for the specificity of AAV-Homer2 effects by examining for changes in the total Homer1b/c protein expression. As Homer2 deletion can influence the total protein expression of mGluRs (Szumlinski et al., 2004) , we assayed also for changes in Group1 mGluR and NR2 subunit expression. Akin to our earlier reports for the NAC (Klugmann and Goulding et al., 2011) , mPFC Homer2b levels were bidirectionally regulated by our AAVs (Fig. 2 B, C) (F (2,39) ϭ 9.00, p ϭ 0.001). Relative to controls, the cDNA construct elevated Homer2b levels by ϳ50% ( p Ͻ 0.0001; LSD post hoc tests) and the shRNA construct lowered levels by ϳ40% ( p ϭ 0.008, LSD post hoc tests). Neither construct influenced mPFC levels of Homer1b/c (F (2,42) ϭ 0.57, p ϭ 0.6). Despite earlier evidence for coregulation of mGluR1a, NR2a and Homer2a/b within mPFC during cocaine withdrawal , neither mGluR1a nor NR2a levels were affected by our transgenic manipulations of mPFC Homer2b expression (univariate ANOVAs: both p values Ͼ0.5). However, relative to controls, mGluR5 levels were reduced significantly upon Homer2b knockdown, but not influenced by Homer2b overexpression [F (2,39) 
PFC Homer2 expression regulates basal and cocaine-induced glutamate release in the PFC
To begin to understand the functional relevance of an increase in the relative expression of Homer2 versus Homer1 within mPFC, we conducted in vivo microdialysis studies to examine the effects of bidirectionally altering mPFC Homer2b expression using AAVs carrying Homer2b cDNA or 2 different shRNA constructs protein expression. Conventional in vivo microdialysis revealed a bidirectional effect of mPFC Homer2 manipulations upon baseline extracellular glutamate within this region (Fig. 3A) (F (3,35) ϭ 8.22, p Ͻ 0.0001); Homer2b overexpression elevated, whereas Homer2b knockdown reduced, baseline PFC glutamate levels (LSD post hoc tests, p values Ͻ0.05). As the two different shRNA constructs did not differ in the magnitude of their effect upon basal PFC glutamate (Fig. 3A) (LSD post hoc tests, p Ͼ 0.05), the data for the shRNA groups were combined for all subsequent data analyses and only one shRNA construct was used in follow-up experiments.
Group differences were also observed regarding the capacity of an acute 15 mg/kg cocaine injection to elevate mPFC glutamate levels and the direction of the AAV effect upon cocaine-induced glutamate release was inverse to that observed for basal glutamate (Fig. 3B ) (AAV effect: F (2,33) ϭ 4.32, p ϭ 0.02; AAV X Time: F (22,363) ϭ 6.28, p Ͻ 0.0001). The distinctions in the cocaine responsiveness of mPFC extracellular glutamate in animals infused intra-mPFC with the different AAVs were even more pronounced when the data were expressed as a percentage change from baseline ( Fig. 3C ; data from Fig. 3B normalized to baseline) (AAV effect: F (2,33) ϭ 10.77, Ͻ0.0001; AAV X Time: F (22,363) ϭ 3.26, p Ͻ 0.0001). As illustrated clearly in Figure 3C , the cocaine injection produced a moderate, but significant, rise in mPFC glutamate of control animals (F (11,134) ϭ 3.29, p Ͻ 0.0001), and this effect was potentiated markedly in the Homer2-underexpressing mice (F (11,77) ϭ 3.54, p Ͻ 0.00010). In contrast, glutamate levels dropped below baseline in the Homer2 overexpressing animals following cocaine injection (F (11,143) ϭ 6.10, p Ͻ 0.0001). These data demonstrate that Homer2b actively and bidirectionally regulates both basal and cocaine-stimulated glutamate release in the mPFC, raising the possibility that mPFC Homer2b expression may be critical for behaviors subserved by this region.
Based on the results for baseline glutamate (Fig. 3A) , we next used no net-flux microdialysis approaches to quantify AAV-mediated changes in extracellular glutamate content and examine for potential effects upon glutamate clearance (Fig. 3D) . No net-flux approaches confirmed the reduction in basal PFC glutamate levels by shRNA infusion; however, the rise in basal PFC glutamate by cDNA infusion was just shy of statistical significance [y ϭ 0; F (2,30) ϭ 4.23, p ϭ 0.03; LSD post hoc tests: Control ϭ cDNA ( p ϭ 0.07) Ͻ shRNA ( p Ͻ 0.05)]. PFC Homer2b manipulation did not affect the slope of the linear regression (Fig. 3D ) (univariate ANOVA, p Ͼ 0.5), indicating no effect of Homer2 overexpression or underexpression on glutamate clearance within the mPFC.
PFC Homer2 overexpression enhances cocaine-conditioned reward
We next investigated the relevance of the imbalance in mPFC Homer1/2 expression for a cocaine CPP. Homer2b-cDNA infusion shifted the dose-response function for cocaine CPP to the left of both Homer2b-shRNA and control infused animals, whereas knocking down Homer2b expression did not affect cocaine CPP relative to controls (Fig. 4A ) (AAV ϫ Dose ϫ Side ANOVA: F (4,89) ϭ 2.91, p ϭ 0.03). Cocaine dose-dependently elicited place-conditioning in all three AAV groups, with the 3 mg/kg dose eliciting a moderate place preference in GFP controls, but a robust place preference in cDNA-infused animals (paired t tests, GFP: t (10) ϭ 2.26, p ϭ 0.05; cDNA: t (7) ϭ 4.70, p ϭ 0.002; shRNA: p ϭ 0.62). All groups exhibited significant place preference after conditioning with 15 mg/kg cocaine (paired t tests, all p values Ͻ0.0001), but the magnitude of the place preference exhibited by cDNA-infused mice was greater than that exhibited by their GFPinfused and shRNA-infused counterparts [one-way ANOVA, F (2,38) ϭ 7.76, p ϭ 0.002; LSD post hoc tests: Control ϭ shRNA ( p Ͻ 0.05) Ͻ cDNA ( p Ͼ 0.05)]. However, the 30 mg/kg cocaine dose produced place preference in GFP-infused and shRNAinfused animals only (paired t tests, GFP: t (10) ϭ 2.35, p ϭ 0.04; cDNA: p ϭ 0.68; shRNA: t (9) ϭ 2.79, p ϭ 0.02). These behavioral data, coupled with earlier data from Homer2 KO mice (Szumlinski et al., 2004), indicate that mPFC Homer2b overexpression is sufficient, but not necessary, to increase sensitivity to the conditioned rewarding properties of cocaine and to enhance cocaineseeking behavior.
PFC Homer2 overexpression does not impact behavioral measures in drug-naive mice
To determine whether or not the effects of PFC Homer2b overexpression on cocaine CPP generalized to natural reward, we also assayed the effects of altering mPFC Homer2 expression on sucrose reward in drug-naive animals using both a sucrose-induced CPP and a two bottle choice (water vs 5% sucrose) free-access, home-cage, drinking experiment. However, mPFC Homer2 overexpression did not facilitate the expression of a sucrose CPP (AAV X Side interaction, p Ͼ 0.05), nor did it promote greater sucrose intake in the home cage (AAV X Concentration, p Ͼ 0.05) (data not shown). Thus, the enhanced cocaine-conditioned reward observed in the CPP study (Fig. 4A) does not appear to reflect some general effect of mPFC Homer2b overexpression upon reward processing.
Earlier transgenic studies of mPFC Homer1a/c expression indicated necessary, but distinct, roles for these Homer isoforms in regulating sensorimotor, cognitive and emotional processing (Lominac et al., 2005) . In contrast, the results of a similar behav- Figure 3 . Glutamate changes within the mPFC elicited by AAV-mediated manipulations of mPFC Homer2b levels. A, Summary of the change in the basal extracellular glutamate levels produced by AAV-mediated manipulations of Homer2b in the mPFC, assayed in 20 min intervals over the course of an hour by conventional in vivo microdialysis procedures. In this study, mice were infused with AAVs carrying a control vector (CNT), cDNA to overexpress Homer2b (cDNA), or two different shRNAs (shRNA1 and shRNA2) to knockdown Homer2b (n ϭ 6 -14/AAV) and in vivo microdialysis was conducted at 3 weeks after intra-mPFC AAV infusion. The two different shRNA-Homer2b constructs (shRNA1 and shRNA2; see Materials and Methods) were compared and the study yielded identical results, thus the data for the two shRNA groups were collapsed in B and C. The control (CNT) animals in this study were infused with either scrambled nonsense vector or GFP. B, Summary of the effects of our AAVs on the time course of change in extracellular glutamate levels within the mPFC during baseline (time Ϫ60 -0 min) and after a 15 mg/kg, i.p., injection of cocaine (arrow), indicating bidirectional effects of our Homer2b-targeting vectors upon both basal glutamate levels and cocaine-stimulated glutamate release. C, Data from B, expressed as a percentage change from the average baseline values. All data represent the mean Ϯ SEM. *p Ͻ 0.05 versus average baseline, paired t tests, with corrections for multiple-comparisons; ϩ p Ͻ 0.05 versus CNT mice, unpaired t tests. D, Summary of the results of a follow-up quantitative in vivo microdialysis study demonstrating no change in the clearance of glutamate from the probe (slope) by AAV infusion, but a significant shift in the point of no net glutamate-flux ( y ϭ 0) in shRNA-infused mice (n ϭ 9 -10/AAV). E, Schematic of the placements of the microdialysis probes within the mPFC of animals assayed for AAV-mediated changes in extracellular glutamate under no net-flux procedures (D). The probe placements for animals tested under conventional in vivo microdialysis procedures (A-C) were consistent with the placements illustrated in E (data not shown).
ioral test battery revealed very few effects of our Homer2 AAV constructs (data not shown). In the Porsolt swim test, Homer2-shRNA mice exhibited an increased latency to float on day 1 of testing (15 min test), but not 24 h later, compared with controls (AAV X Test: F (3,31) ϭ 3.16, p ϭ 0.04; post hoc tests). However, altering mPFC Homer2 expression did not significantly affect measures of anxiety in a novel object test, nor did it influence the magnitude of an acoustic startle (ANOVAs, p Ͼ 0.05). Finally, also different from an earlier report for mPFC Homer1a/c overexpression (Lominac et al., 2005) , mPFC Homer2 expression did not influence sensorimotor gating as measured by prepulse inhibition of acoustic startle (ANOVA, all main effects or interactions with AAV factor, p Ͼ 0.05) nor did it influence learning or recall in a Morris water maze task (ANOVA, all main effects or interactions with AAV factor, p Ͼ 0.05). These data indicate that the effects of mPFC Homer2 overexpression upon cocaine reward are not likely related to changes in cognitive, emotional and sensorimotor processing.
mPFC Homer2 overexpression produces abnormalities in NAC extracellular glutamate In contrast to our robust effects upon mPFC basal extracellular glutamate (Fig. 3 A, D) , we detected only a modest effect of our mPFC AAV manipulations on the average basal glutamate levels in the NAC when assayed by conventional in vivo microdialysis approaches (one-way ANOVA, p ϭ 0.06). An inspection of Figure 5A suggested that the modest AAV effect was attributable to a reduction in glutamate in animals infused with Homer2-cDNA and this finding was confirmed using quantitative microdialysis approaches (Fig. 4C) ( y ϭ 0) [F (2,23) ϭ 4.74, p ϭ 0.02; LSD post hoc tests: Control ϭ shRNA ( p Ͼ 0.05) Ͼ cDNA ( p ϭ 0.02)]. The reduction in NAC basal glutamate observed in Homer2-cDNA animals was unrelated to changes in glutamate clearance, as no significant differences were observed for the slopes derived from the linear regression analysis of the data obtained under no netflux microdialysis procedures (Fig. 5C ) (one-way ANOVA, p ϭ 0.14). As a reduction in NAC extracellular glutamate levels is a neurochemical adaptation observed in animals with a history of repeated cocaine experience (Pierce et al., 1996; Baker et al., 2003; McFarland et al., 2003; Szumlinski et al., 2006 ; but see Madayag et al., 2010) , these data provide novel evidence that mimicking the cocaine-induced rise in mPFC Homer2 expression ) is sufficient to elicit a "cocaine-like" alteration in basal extracellular glutamate within the NAC of drug-naive animals.
Lowered basal extracellular glutamate within the NAC of cocaine-experienced animals is associated with a heightened capacity of cocaine to elevate NAC glutamate levels (i.e., a sensitization of cocaine-induced glutamate release) (Pierce et al., 1996; Baker et al., 2003; McFarland et al., 2003; Szumlinski et al., 2004 Szumlinski et al., , 2006 . Consistent with this inverse relation, mPFC Homer2 overexpression promoted glutamate release within the NAC, whereas mPFC Homer2 knockdown had no effect (Fig. 5A ) (AAV X Time: F (22, 198) ϭ 3.56, p Ͻ 0.0001). To better visualize the extent to which mPFC Homer2 overexpression facilitated cocainestimulated glutamate release, the data from Figure 5A were expressed as a percentage change from baseline in Figure 4B . As is clear from the normalized data (Fig. 5B) , an acute injection of 15 mg/kg cocaine produced a modest reduction in NAC glutamate levels in both control and Homer2-shRNA animals, while this same injection produced a large rise in glutamate in NAC of Homer2-cDNA animals (AAV X Time: F (22, 198) ϭ 4.93, p Ͻ 0.0001). Indeed, the results of follow-up analyses failed to indicate any cocaine effect upon NAC extracellular glutamate in Control or shRNA-infused animals (one-way ANOVAs, p Ͼ 0.05), whereas cDNA-infused animals exhibited a marked change in NAC glutamate levels (F (11,55) ϭ 3.58, p Ͻ 0.001; paired t tests with corrections for multiple-comparisons). Thus, Homer2b overexpression within the mPFC produces abnormalities not only in basal, but also in cocaine-stimulated glutamate release, within the NAC that are strikingly similar to those reported previously in cocaine-experienced rodents.
Manipulations of PFC Homer2 expression are sufficient to affect expression of homers and glutamate receptors within the NAC We also sought to determine whether or not altering mPFC Homer2 expression might also elicit a "cocaine-like" reduction in the expression of Homer proteins and their interacting glutamate receptors within the NAC. To test this hypothesis, NAC tissue was collected from drug-naive mice at 3 weeks after mPFC AAV infusion and immunoblotted for Homer1/2, mGluR1/5 and NR2a/b. As illustrated in Figure 5E , mPFC Homer2b overexpression lowered, whereas Homer2b knockdown failed to significantly affect, NAC levels of Homer2a/b, Homer1b/c, mGluR1, mGluR5, and NR2a [for Homer2: F (2,42) ϭ 4.42, p ϭ 0.02, LSD post hoc tests, Control Ͼ cDNA, p ϭ 0.006; for Homer1: F (2,42) ϭ 5.62, p ϭ 0.007, LSD post hoc tests, Control ϭ shRNA Ͼ cDNA ( p ϭ 0.005); for mGluR1: F (2,42) ϭ 5.21, p ϭ 0.01; for mGluR5: F (2,42) ϭ 7.42, p ϭ 0.002; and NR2a: F (2,42) ϭ 7.49, p ϭ 0.002; post hoc tests]. Altering PFC Homer2 levels also had a bidirectional effect upon NAC NR2b expression, with overexpression and underexpression producing respectively a moderate reduction and a significant elevation in subunit expression (F (2,42) ϭ 7.73, p ϭ 0001; post hoc tests). These data demonstrate that mimicking a cocaineinduced rise in PFC Homer2 expression is sufficient to produce "cocaine-like" reductions in NAC glutamate receptor and CC-Homer expression implicated previously in the man- Figure 4 . mPFC Homer2b overexpression potentiates cocaine-seeking. Summary of the effect of four pairings of 15 mg/kg cocaine upon the difference in the time spent (in seconds) on the cocaine-paired versus cocaine-unpaired side of the place-conditioning apparatus (Occupancy Difference) when animals were tested in a cocaine-free state. Groups of mice were infused intra-mPFC with AAVs carrying a GFP control vector or a nonsense scrambled control vector (Control; n ϭ 11-14/cocaine dose), cDNA-Homer2b (cDNA; n ϭ 8 -10/cocaine dose) or shRNA-Homer2b (shRNA; n ϭ 9 -15/cocaine dose), 3 weeks before the start of conditioning. *p Ͻ 0.05 cDNA versus control, LSD post hoc tests; ϩ p Ͻ 0.05 Paired versus Unpaired (i.e., conditioning; paired t tests). All data represent the mean Ϯ SEM. lation of basal glutamate by AAV-mediated manipulations of mPFC Homer2b levels suggests that the failure of Homer2 deletion to affect mPFC glutamate content (Szumlinski et al., 2004) likely reflects some developmental compensation(s), secondary to gene deletion.
How Homer deletion alters glutamate receptor expression within PFC is not known. Homer1 or Homer2 deletion was reported to not influence the surface expression of mGluR1/5 within subthalamic nucleus or globus pallidus when assessed by electron microscopy (Kuwajima et al., 2007) . However, Homer2 KO mice exhibit reduced mGluR1 and NR2 NMDA receptor subunit expression within the NAC (Szumlinski et al., 2004 (Szumlinski et al., , 2005b . The present immunoblotting data for the mPFC (Fig. 2) further the notion that transgenic Homer manipulations can influence the expression of glutamate receptors in vivo. As stimulation of Group1 mGluRs within the mPFC is sufficient to elicit glutamate release within this region, but is not necessary for maintaining basal extracellular glutamate content (Melendez et al., 2005) , changes in total expression of these receptors can affect local glutamate levels. Still, the source of glutamate within mPFC affected by AAV-mediated changes in Homer2b expression remains to be determined and could include projections from basolateral amygdala, contralateral PFC, ventral tegmental area, hypothalamus-basal forebrain, brainstem, hippocampus, or different thalamic nuclei (Heidbreder and Groenewegen, 2003) . Nevertheless, the present data provide novel evidence that Homer2 regulates both basal and cocaine-stimulated changes in mPFC extracellular glutamate in a manner opposite that of CCHomer1 isoforms (Table 1) . Thus, drug-induced imbalances in Homer1 versus Homer2 expression within mPFC (Gould et al., submitted) has functional relevance for both basal and drug-stimulated excitatory neurotransmission within a brain region exhibiting metabolic anomalies in addiction (Goldstein and Volkow, 2011) . mPFC imbalance in Homer2 versus Homer1 promotes cocaine preference: link to NAC glutamate Although our Homer2b constructs bidirectionally affected mPFC glutamate (Table 1) , only cDNA-Homer2b infusion influenced cocaine CPP. Moreover, the Homer2b-mediated potentiation of cocaine preference was recapitulated on mPFC Homer1c knockdown (Fig. 6 ). These observations, coupled with the fact that heightened cocaine preference and intake is observed in Homer2 KO mice (Szumlinski et al., 2004) , indicate that imbalances in Homer1-Homer2 expression within mPFC is sufficient, but not necessary, to promote heightened sensitivity to cocaine's conditioned rewarding properties. However, it should be noted that because the AAV constructs were infused before conditioning, the psychological process(es) leading to greater place preference require further study.
The fact that mPFC Homer2 knockdown failed to reduce cocaine CPP was not surprising; Homer2 KO mice exhibit greater cocaine CPP, and self-administer more cocaine, than their WT controls (Szumlinski et al., 2004) . Although Homer1 and Homer2 KO mice differ in terms of glutamate anomalies in mPFC (Table 1) , both KO strains exhibit similar glutamate anomalies within the NAC shell (Table 1) that were theorized previously to contribute to their heightened cocaine sensitivity (Szumlinski et al., 2004) . Remarkably, an AAV-mediated imbalance in primarily ventromedial PFC (vmPFC) Homer1/2 expression of drug-naive mice was sufficient to produce a large number of cocaine-associated glutamate anomalies within the NAC (Fig. 5) . Of note, mPFC Homer2 overexpression lowered NAC levels of both Homer1b/c and Homer2a/ b-an effect that cannot readily be explained by anterograde transport of our AAV-cDNA construct to glutamate terminals in this region. However, as the entire NAC was sampled for immunoblotting, the subregional localization of the cDNAmediated reductions in Homer1/2 and/or glutamate receptor expression within the NAC cannot be discerned. Nevertheless, mimicking the imbalance in vmPFC Homer1/2 expression observed during withdrawal from a history of repeated cocaine (Gould et al., submitted) is sufficient to augment cocaine CPP and produce a protein profile within the entire NAC that resembles, in large part, those observed within either the core and/or shell subregion of the NAC of chronic cocaine-treated animals (Table 1) .
Glutamate levels were sampled from the NAC shell in this study, as we previously observed a positive relation between the magnitude of cocaine CPP in mice and cocaine-elicited increases in extracellular glutamate within this subregion Penzner et al., 2008) . The NAC shell receives glutamatergic projections from both the ventral prelimbic (vPL) and the infralimbic (IL) subdivisions of the Figure 6 . mPFC knockdown of Homer1c potentiates cocaine-seeking and produces anomalies in NAC extracellular gluatamate. A, Summary of difference in the time spent (in seconds) on the cocaine-paired versus cocaine-unpaired side of the place-conditioning apparatus (Occupancy Difference) exhibited by mice infused intra-mPFC with AAVs carrying a GFP control vector (Control; n ϭ 15) or shRNA-Homer1c (H1c shRNA; n ϭ 9) on a post-conditioning test, after four pairings of 15 mg/kg cocaine. Homer1c knockdown within the mPFC increased the magnitude of the CPP.
ϩ p Ͻ 0.05 versus Control (t test). B, Summary of the placements of the microdialysis probes within the NAC of mice tested forintra-mPFCAAV-mediatedchangesinextracellularglutamate.Theprobeswerelocalizedprimarily to the shell subregion or the interface between the shell and core subregions. C, Summary of the effects of an intra-mPFC infusion of our control vector or shRNA-Homer1c upon the time course of change in extracellular glutamate levels within the NAC during baseline (time ϫ60 -0 min) and after a 15 mg/kg, i.p., injection of cocaine (arrow), with the data expressed as a percentage change from the average baseline values for clarity (n ϭ 7-8). Homer1c knockdown facilitated the capacity of acute cocaine to elevate NAC levels of extracellular glutamate. *p Ͻ 0.05 versus average baseline (paired t tests with corrections for multiple comparisons; ϩ p Ͻ 0.05 versus Control; unpaired t tests). D, Summary of the results of a quantitative in vivo microdialysis study demonstrating no change in the clearance of glutamate from the probe (slope) within the NAC by intra-mPFC Homer1c knockdown, but a significant shift to the left in the point of no net glutamateflux ( y ϭ 0) in shRNA-infused mice (n ϭ 7-8). All the data in A-D represent the mean Ϯ SEM of the numbers of animals indicated in parentheses in each panel.
